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Abst ract - -We develop and test a new composite random number generator called the Composite 
Sherif-Dear (CSD) generator. The proposed generator satisfies stringent theoretical criteria for the 
quality of the sequence it produces; and is easy to understand and implement in a portable way. 
1. INTRODUCTION 
Random number generation is a concept of fundamental importance in many different areas of 
engineering, mathematics, tatistics, simulation and computer science. Although many random 
number generators exist today, Knuth [1] advises users to look at the subroutine library of each 
computer installation to test and possibly replace the random number generators by good ones. 
Park and Miller [2] agree with Knuth and recommend a set of good minimal standard generators 
that will port to a wide variety of systems. Generally, good random number generators should 
satisfy the following criteria: 
(1) Uniformity; i.e., the generated numbers hould appear to be distributed uniformly on 
(0,1); 
(2) Independence; i.e., the generated numbers hould not exhibit any correlation with each 
other; 
(3) Storage efficiency, i.e., a lot of storage should not be required; and 
(4) Reproducibility, i.e., a given stream of random numbers hould be able to be reproduced 
exactly. 
Reproducibility is essential for two reasons: (1) It may be desirable to reproduce the same stream 
of numbers in different simulation runs as a variance reduction technique, i.e., in order to increase 
the precision of the simulation output, and (2) this can facilitate the debugging or verification of 
computer simulation programs as discussed by Sherif [3], Law and Kelton [4], and Schrage [5]. 
Also, a good implementation f the random number generator should be reasonably fast, portable, 
and use few computer memory words as discussed by Bratley, Fox, and Schrage [6], Schrage [5] 
and L'Ecuyer [7]. 
2. BRIEF DESCRIPT ION OF THE CSD GENERATOR 
The CSD random number generator is a composite generator which combines the features of 
two random number generators (RNG) with the intention of extending the period and improving 
the statistical properties relative to either generator taken alone. The CSD generator may utilize 
any reasonable RNG as the first one. Specifically, the multiplicative linear congruential generator 
described by Schrage [5] is adopted here for demonstration purposes. The second random number 
generator used results from a unique property that results from the cubing of four digit integers. 
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Section 4 describes this feature in greater detail. The CSD algorithm described is basically as 
follows: 
Step 1. 
Step 2. 
Step 3. 
Step 4. 
Step 5. 
Step 6. 
Initialization. 
Set the seed of the first RNG and set the CSD Seed to a 4 digit integer. 
Sample from the first RNG. 
Set DI to equal the first digit and set D2 to equal the second digit. 
Add D1 to the current CSD Seed to obtain a New CSD Seed. 
Set New CSD Seed = (Dz + Current CSD Seed) module 10,000. 
Cube the New CSD Seed. 
Set C1 to equal the first digit from the right and set C4 to the fourth digit from the 
right. 
Return the 4 digit random value C1DIC4D2 (normalize if desired by dividing by 
10,000). 
Set the current CSD Seed to C1D1C4D~ and go to Step 2. 
3. EXAMPLE 
Assume the first three numbers of the first RNG are 0.492014, 0.639473, and 0.943741, respec- 
tively. Also assume that the CSD Seed is initialized to 4127. 
STEP 
2 - D 1 = 4; D 2 = 9 
3 - New CSD Seed = 4127 + 4 = 4131 
4 - (4131)  3 = 70496180091;  C 1 = 1;  C 4 = 0 
5 - Random Va lue  = C ID IC4D 2 = 1409 
6 - CSD Seed = 1409 - go  to  S tep  2 
STEP 
2 - D 1 = 6 ;  D 2 = 3 
3 - New CSD Seed = 1409 + 6 = 1415 
4 - (1415)  3 = 2833148375;  C 1 = 5 ;  C 4 = 8 
5 - Random Va lue  = C1D1C4D 2 = 5683 
6 - CSD Seed = 5683 - go  to  S tep  2 
STEP 
2 - D 1 = 9 ;  D 2 = 4 
3 - New CSD Seed = 5683 + 9 = 5692 
4 - (5692)  3 = 184414333888;  C 1 = 8 ;  C 4 = 3 
5 - Random Va lue  = C ID IC4D 2 = 8934 
6 - CSD Seed = 8934 - go  to  S tep  2 . . . . . . .  
4. RATIONALE 
When a four digit number (between 0000 and 9999) is selected at random and cubedit is 
observed that the first and fourth digits from the right of the cubed result are independent, 
identically distributed iscrete random variables between 0 and 9 (i.e., random digits). There 
are two properties to be explored: (1) the digits are identically distributed; and (2) the first 
and fourth digits are independent. Table 1 demonstrates the identical distribution property by 
displaying the frequency of digits (0-9) that occur when a 4 digit number is cubed. Notice that 
only 1 and 4 positions from the right have exactly 1,000 outcomes for each possible digit. Figure 1 
graphically displays the results of Table 1. Table 2 demonstrates the independence property by 
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Figure 1. Frequency distr ibution of digits 0-9. 
Table 1. Results for cubes of 0000-9999. 
Position Frequency of Digit 0-9 
f rom Right 0 1 2 3 4 5 6 7 8 9 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
I000 I000 I000 I000 1000 1000 I000 1000 1000 1000 
1800 800 1300 800 800 800 800 1300 800 800 
1800 1050 800 1050 800 800 1050 800 1050 800 
1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 
1103 981 1006 964 993 976 978 1037 992 970 
1157 989 984 995 96? 998 987 1019 959 945 
1082 1002 992 939 1032 967 950 1041 I001 994 
1210 1026 1009 990 990 942 1005 941 922 965 
1395 1031 979 988 935 965 924 937 937 909 
1820 1072 964 935 906 886 870 850 845 832 
2747 1139 958 863 804 754 724 693 670 648 
4642 1207 846 674 569 497 445 404 371 345 
showing the cross-referenced tabulation of k positions from the right and the rightmost digit 
for k = 1, 2,3, . . . ,  12. Notice that pairs of digits (00 - 99) for the first and fourth digits from 
the right each occur 100 times. This implies that the two digits are uncorrelated--i.e, linearly 
independent. Autocorrelation tests were also performed. A sample of an autocorrelation test 
with lag of I through lag of 100 performed on a sequence of 10,000 random numbers is shown in 
Table 3. 
There are added advantages to the use of the CSD generator. In particular, the period of the 
composite RNG will be as much as 10,000 times longer than that of the first RNG alone. Also, 
the statistical properties of the CSD generator out-performed that of the first RNG alone, in 
passing a battery of tests such as the poker test, the gap test, the runs test, the Chi-Square test 
and the autocorrelation test. 
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Table 2.1. Cubed numbers- -cross  reference frequency 1 position from the right and 
the first from the right. 
Right-most Digit 1 Position From the Right 
Digit 0 1 2 3 4 5 6 7 8 9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1000 0 0 0 0 0 0 0 0 0 
0 1000 0 0 0 0 0 0 0 0 
0 0 1000 0 0 0 0 0 0 0 
0 0 0 1000 0 0 0 0 0 0 
0 0 0 0 1000 0 0 0 0 0 
0 0 0 0 0 1000 0 0 0 0 
0 0 0 0 0 0 1000 0 0 0 
0 0 0 0 0 0 0 1000 0 0 
0 0 0 0 0 0 0 0 1000 0 
0 0 0 0 0 0 0 0 0 I000 
Total 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 
Table 2.2. Cubed numbers- -cross  reference frequency 2 posit ion from the right and 
the first from the right. 
Right-most Digit 2 Positions From the Right 
Digit 0 1 2 3 4 5 6 7 8 9 
Total 
I000 0 0 0 0 0 0 0 0 0 
1000 I00 100 100 I00 100 100 I00 I00 100 
0 200 0 200 0 200 0 200 0 200 
100 100 100 100 100 100 100 100 100 100 
200 0 200 0 200 0 200 0 200 0 
0 0 500 0 0 0 0 500 0 0 
0 200 0 200 0 200 0 200 0 200 
100 100 100 100 100 100 100 100 100 100 
200 0 200 0 200 0 200 0 200 0 
100 100 100 100 100 100 100 100 100 100 
1800 8~ 1~0 8~ 8~ 8~ ~0 13~ 800 ~0 
l 
Table 2.3. Cubed numbers- -cross  reference frequency 3 posit ion from the right and 
the first from the right. 
Right-most Digit 3 Positions From the Right 
Digit 0 1 2 3 4 5 6 7 8 9 
1000 0 0 0 0 0 0 0 0 0 
I00 100 I00 I00 100 I00 I00 I00 100 I00 
80 120 80 120 80 120 80 120 80 120 
I00 I00 I00 I00 I00 I00 .  I00 I00 I00 I00 
80 120 80 120 80 120 80 120 80 120 
0 250 0 250 0 250 0 250 0 250 
120 80 120 80 120 80 120 80 120 80 
100 100 100 100 100 100 100 100 100 100 
120 80 120 80 120 80 120 80 120 80 
100 100 100 100 100 100 100 100 100 100 
Total 1800 1050 800 1050 800 800 1050 800 1050 800 
Random number  generator 
T~ble 2.4. Cubed numbers- -cross  reference frequency 4 posit ion from the right and 
the first from the right. 
Right-most Digit 4 Position~ From the Right 
Digit 0 1 2 3 4 5 6 ? 8 9 
Total 1000 1000 1000 1000 1000 1000 1000 10o0 1000 
109 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 
I00 I00 I00 I00 I00 I00 I00 I00 I00 I00 
I00 I00 I00 I00 I00 I00 I00 I00 I00 I00 
I00 I00 I00 I00 I00 I00 I00 I00 I00 I00 
1(30 I00 I00 I00 I00 I00 I00 I00 I00 I00 
I00 I00 I00 I00 I00 I00 I00 I00 I00 I00 
I000 
Table 2.5. Cubed numbers- -cross  reference frequency 5 posit ion from the right and 
the first from the right. 
R igh~most  Digit 5 Positions F romtheR ight  
Digit 0 1 2 3 4 5 6 7 8 9 
180 80 130 80 80 80 80 130 80 80 
95 100 108 90 105 98 99 94 103 108 
102 107 94 87 109 106 92 106 105 92 
107 I01 90 98 90 98 105 99 110 102 
98 101 99 101 103 104 98 95 104 97 
106 94 104 94 106 104 91 106 91 104 
95 98 104 103 101 99 101 98 97 104 
I05 98 90 98 90 101 107 102 110 99 
I07 102 92 105 106 92 106 109 87 94 
108 100 95 108 103 94 99 98 105 90 
Total 1103 981 1006 964 993 976 978 1037 992 970 
Table 2.6. Cubed numbers- -cross  reference frequency 6 posit ion from the fight ~nd 
the first from the right. 
Right-most Digit 6 Pos i t ionsFromtheR ight  
Digit 0 1 2 3 4 5 6 7 8 9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
180 105 80 105 80 80 105 80 105 80 
114 90 I07 100 87 103 102 98 100 99 
117 90 96 94 92 94 101 117 I07 92 
120 101 105 94 94 101 95 98 103 89 
92 103 198 95 99 100 91 113 97 102 
114 97 97 107 102 93 103 113 88 86 
100 94 85 112 122 100 83 109 96 99 
110 109 101 103 103 106 102 77 90 99 
110 87 99 91 97 108 111 103 91 103 
100 113 106 94 91 113 94 111 82 96 
Total 1157 989 984 995 967 998 987 1019 959 945 
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Table 2.7. Cubed numbers- -cross  reference frequency 7 position from the right and 
the first from the right. 
Right-most Digit 7 Positions From the Right 
Digit 0 1 2 3 4 5 6 7 8 9 
108 116 94 103 110 86 91 105 97 90 
104 107 90 90 103 94 91 101 103 117 
112 96 100 95 117 81 95 111 89 104 
121 100 102 95 93 113 I01 97 84 94 
113 88 129 87 101 89 89 96 97 111 
117 106 88 96 98 108 102 106 79 100 
91 100 102 107 94 88 93 118 119 88 
112 97 110 93 106 102 85 102 99 94 
I00 90 75 84 103 123 I01 I01 121 102 
104 102 102 89 107 83 102 104 113 94 
Total 1082 1002 992 939 1032 967 950 1041 I001 994 
Table 2.8. Cubed numbers- -cross  reference frequency 8 position from the right and 
the first from the right. 
Right-most Digit 8 Positions Fromthe IR ight  
Digit 0 1 2 3 4 5 6 7 8 9 
Total 
116 103 107 93 97 106 95 104 88 91 
120 100 87 79 98 117 112 98 92 97 
111 104 95 118 105 95 87 93 88 104 
136 97 98 105 88 100 96 89 96 95 
132 105 95 93 105 87 108 93 91 91 
117 107 116 107 107 79 94 86 102 85 
124 98 107 99 94 80 I01 90 102 105 
114 104 89 106 111 82 106 95 96 97 
114 110 101 95 107 97 109 84 80 103 
126 98 114 95 78 99 97 109 87 97 
1210 1026 1009 990 990 942 1005 941 922 985 
Table 2.9. Cubed numbers- -cross  reference frequency 9 posit ion from the right and 
the first from the right. 
Right-most Digit 9 Positions From the Right 
Digit 0 1 2 3 4 5 6 7 8 9 
150 107 95 95 105 99 92 80 91 86 
135 93 112 96 95 107 99 77 92 94 
144 112 88 104 86 95 92 84 89 106 
134 113 84 103 92 85 81 105 108 95 
133 I I I  I00 95 94 I01 103 92 86 85 
135 97 100 97 97 91 110 96 99 78 
130 97 107 94 77 111 79 107 111 87 
152 96 89 101 113 88 85 93 96 87 
145 97 97 101 85 102 95 101 88 89 
137 108 107 102 91 86 88 102 77 102 
Total 1395 1031 979 988 935 965 924 937 937 909 
Random number  generator 
Table 2.10. Cubed numbers- -cross  reference frequency 10 posit ion from the right 
and the first from the right. 
R igh~most  Digit 10 Positions F romtheR ight  
Digit 0 1 2 3 4 5 6 7 8 9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
179 117 92 97 91 87 85 85 88 79 
175 115 97 91 93 90 81 89 87 82 
181 106 94 104 84 93 89 76 91 82 
183 108 95 98 87 90 91 81 86 81 
187 98 103 90 95 87 88 84 84 84 
189 99 105 89 92 87 89 87 82 81 
188 103 104 89 89 88 91 86 84 78 
184 101 105 88 95 84 90 87 75 91 
177 I I0  98 91 95 88 83 90 80 88 
177 115 91 98 85 92 83 85 88 86 
1820 1072 984 935 906 886 870 850 845 832 
Table 2.11. Cubed numbers- -cross  reference frequency 11 position from the right 
and the first from the right. 
R igh~most  Digit 11Pos i t ionsFromthePAght  
Digit 0 1 2 3 4 5 6 7 8 9 
277 112 97 85 82 74 73 69 66 65 
275 114 96 86 81 75 72 70 66 65 
275 113 94 87 81 76 73 69 66 66 
275 113 96 85 81 75 73 69 67 66 
273 115 96 87 78 77 72 68 69 65 
275 115 96 87 78 76 73 69 68 63 
275 114 96 84 81 76 73 69 69 63 
273 114 96 88 80 75 72 69 68 65 
273 116 96 87 81 75 70 72 65 65 
276 113 95 87 81 75 73 69 66 65 
Total 2747 1139 958 863 804 754 724 693 670 648 
Table 2.12. Cubed numbers- -cross  reference frequency 12 position from the right 
and the first from the right. 
Right-most Digit 12 Positions From the Right 
Digit 0 1 2 3 4 5 6 7 8 9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
465 120 85 67 57 50 44 41 37 34 
465 120 85 67 57 50 44 41 37 34 
464 121 84 68 56 50 45 40 37 35 
464 121 84 68 57 49 45 40 37 35 
464 121 85 67 57 50 44 40 38 34 
464 121 84 68 57 49 45 40 37 35 
464 121 84 68 57 49 45 40 37 35 
464 121 85 67 57 50 44 41 37 34 
464" 121 85 67 57 50 44 41 37 34 
464 120 85 67 57 50 45 40 37 35 
Total 4642 1207 846 674 569 497 445 404 371 345 
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Table 3. Autocorrelation test. 
ACF of Cl 
- I .0  - -0.8 - -0.64 --0.4 --0.2 0.0 0.2 0.4 0.6 0.8 1.0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
I0 
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3O 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5O 
0.017 
0.010 
0.009 
0.016 
0.011 
0.004 
0.003 
-0.002 
0.014 
0.009 
-0.012 
- 0.005 
-0.011 
0.004 
0.002 
-0.015 
- 0.008 
0.003 
-- 0.009 
--0.009 
0.004 
--0.001 
0.000 
0.006 
0.004 
- 0.020 
0.004 
- 0.003 
-0.012 
0.012 
-0.005 
-0 .013 
-0.007 
0.005 
-0.014 
-0.003 
0.025 
0.012 
0.000 
-0.005 
0.011 
0.003 
0.008 
0.004 
0.011 
0.007 
0.006 
0.000 
--0.013 
-0.023 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
XX 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
XX 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
XX 
Random number  generator  
Table 3. Autocorre lat ion test  (continued). 
11 
ACF  of Cl 
51 --0.002 
52 0.021 
53 --0.012 
54 --0.001 
55 --0.006 
56 0.008 
57 -0 .005 
58 -0 .000  
59 --0.002 
60 --0.023 
61 -- 0.007 
62 --0.004 
63 --0.013 
64 --0.008 
65 --0.008 
66 -0 .015 
67 0.004 
68 0.003 
69 --0.004 
70 0.005 
71 --0.004 
72 -- 0.006 
73 0.014 
74 --0.010 
75 --0.013 
76 0.006 
77 0.004 
78 0.010 
79 0.002 
80 0.002 
81 --0.007 
82 --0,001 
83 -0 .026  
84 0.021 
85 -0 .007  
86 - 0.004 
87 0.001 
88 0.003 
89 --0.006 
90 0.005 
91 --0.013 
92 - 0.002 
93 --0.019 
94 -0 .013  
95 0.002 
96 --0.002 
97 0,004 
98 0.004 
99 0.006 
100 -0 .001 
-1 .0  -0 .8  -0 .6  --0.4 -0 .2  0.0 0.2 0.4 0.6 0.8 1.0 
X 
XX 
X 
X 
X 
X 
X 
X 
X 
XX 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
XX 
XX 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Table 4. The CSD random number generator computer program. 
DEFINT A-Z 
REM THIS PROGRAM WILL GENERATE A SERIES OF RANDOM NUMBERS BETWEEN 0000 AND 9999 
REN USING THE COMPOSITE SHF_£IF DEAR APPROACH 
REN IF  MORE THAN 4 DIGITS OF ACCURACY IS  REQUIRED, THE PROCESS CAN BE REPEATED AND 
REN THE NUMBERS CAN BE CONCATENATED AS DESIRED 
REM BEOW IS THE PORTABLE RANDOM PRIME MODULUS MULTIPLICATITIVE LINEAR CONGRUENTIAL 
REM GENERATOR DESCRIBED BY L. SCHRAGE IN ACM TRANS. MATH. SOFTWARE, VOL 8 1979. 
LONG FN RANF#(SEED&) 
Ak = 16807: B15& = 32768:  B16& = 65536:  P~ = 2147483647 
CONST# = 4 .686612875E-10  
XHIk = SEED~/B16~: XALO~ = (SEEDk - XHIk*B161)*A~ 
LEFTLOk = XALOk/B16k: FHIk = XHIk*Ak + LEFTLOk 
KRANFk = FHIk/B15k 
SEEDk=(((XALO~ - LEFTLO~*BI6k) - P~) + (FHIk- KRANFk*B15k)*BI6k) + KRANF~ 
IF SEEDk <0 THEN SEEDk = SEEDk + Pk 
RANDVALUE# = SEEDk*CONST# 
END FN = RANDVALUE# 
REM INPUT THE INITIAL VARIABLES 
INPUT "ENTER AN INITIAL NUMBER (4 DIGITS) ";INITIAL 
INPUT "ENTER AN INITIAL NUMBER SEED ";SEEDk 
INPUT "ENTER THE NUMBER OF SAMPLES ";SAMPSIZF~t 
RNUM = INITIAL 
REM GENERATE A SERIES OF RANDOM NUMBERS FROM 0000 TO 9999 
FOR LOOPk = I TO SAMPLESIZER 
REM GET TWO DIGITS (D1 AND D2) FROM THE RANDOM NUMBER GENERATOR RANF# 
U# = FN RANF#(SEEDk) 
D1 = IO*U# + .00000001 
D2 = IO0*U# + .00000001 - 10.D1 
REM ADD D1 TO THE CURRENT VALUE MODULO 10,000 
VALUE = RNUM + DI: IF VALUE>=IO000 THEN VALUE = VALUE-IO000 
REM CUBE THIS VALUE AND GET THE RIGHT-MOST AND 4TH FROM THE RIGHT DIGITS (C1 AND C4) 
REM OF THE RESULT (NOTE - IF VALUE IS LESS THAN 10 THEN THE 4TH DIGIT IS A O) 
REM REAL ARITHMETIC IS NEEDED FOR UP TO 12 SIGNIFICANT DIGITS 
NEWNUM# = VALUE*VALUE*VALUE 
TEMP# = NENNUM#/IO: T$ = STR$(THMP#): C15 = RIGHT$(T$,I) 
C1 = VAL(CI$) 
LONG IF VALUE <10 
C4 = 0 
XELSE 
TEMPk = NENNUM#/IO00: T$ = STIr(TEMPS) 
C45 = RIGHT$(T$,I) 
C4 = VAL(C4$) 
END IF 
REM THE RANDOM NUMBER IS COMPOSED OF C1,D1,C4,D2 
RNUM = 1000.Cl + 100.D1 + 10~C4 + D2 
PRINT "RANDOM NUMBER = ";RNUM 
NEXT LOOP~ 
END 
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Table 6. 1000 sample CSD random numbers. 
IN IT IAL  CSD SEED = 4371 INIT IAL RNG SEED = 12345 
1069 3833 8934 4043 7071 1085 8706 1598 
1353 4199 1226 7769 2948 9164 3303 7093 
4806 2220 9941 7243 8973 8923 6360 6652 
2941 4383 8943 3934 7923 7095 4902 818 
6649 4548 254 5117 6909 8320 5583 790 
8937 8509 8332 9722 7162 3563 7045 556 
5934 3313 9602 6476 6089 194 9505 5029 
5272 4203 2567 3087 4743 2568 1359 1288 
1490 6613 1818 3968 7581 2711 3659 1231 
9739 4524 6238 1356 2249 5614 5133 3464 
4071 5413 9653 3465 1667 3077 7629 9094 
8972 2677 323 4125 8776 5967 333 3421 
4267 4729 9023 3425 8778 5762 5324 679 
649 5666 4828 271 9878 8466 9350 8229 
1839 4592 2652 1903 8920 8232 9756 8687 
5435 8701 9845 5060 1113 6382 4216 7772 
9690 5575 5048 9122 4289 195 6191 7214 
6522 5332 848 1354 6267 2101 919 2982 
4837 7654 2442 3582 3537 9294 9576 8654 
2763 7082 896 7749 3878 8441 3603 4125 
8426 7784 3321 7295 4902 2610 5582 2679 
7546 2200 8267 4743 7006 8650 2869 138 
9005 4946 7711 9851 8189 9050 4499 3819 
3392 4268 2064 3346 1523 9688 5774 5195 
2146 451 3637 3059 3817 9220 89 1234 
3374 8885 5043 8905 3284 1719 8399 4533 
6662 5399 1260 65 1673 7086 6020 8223 
6471 5414 1734 2495 7872 6471 5410 2841 
6522 2699 9086 6084 8804 9591 6503 7058 
2023 4199 9028 5774 1748 5731 3602 3598 
4161 1054 6233 9699 6775 4988 8491 4371 
4973 8949 9043 752 9753 3410 2809 9013 
5776 3123 8951 8171 3617 6982 8087 393 
5411 5484 8850 5566 5943 757 5877 2165 
2147 2154 9554 667 5867 6917 380 7311 
6145 9453 9692 2662 5397 7651 4326 472 
5925 576 3101 6557 3005 7833 6334 1791 
4762 4255 6191 3672 6494 6219 181 4390 
477 2155 567 1493 5220 5551 4310 5557 
5023 775 1697 9258 9109 5651 7206 5936 
312 2670 31 6565 8717 2162 8638 242 
6389 8387 9275 3264 3355 9471 928 7568 
9648 8459 5646 2275 4921 6549 2935 7850 
7987 395 503 7037 5864 2426 8659 8339 
7835 9404 3325 3261 4333 6354 4097 9226 
6976 8684 4078 8498 203 6316 3174 9543 
8097 4785 9411 9872 8020 1130 7399 5654 
3342 6450 54 2450 59 2940 5584 5163 
9320 9985 7894 7935 9474 1710 6690 1176 
3951 
5226 
3551 
1375 
668O 
3187 
174 
6829 
4300 
1762 
1778 
1079 
125 
3881 
859O 
8037 
1742 
8O02 
883O 
573 
3869 
8483 
4500 
8721 
3397 
8985 
9629 
7216 
8426 
201 
5445 
6363 
704 
9426 
3645 
6401 
9O2 
9938 
9213 
2233 
1932 
6886 
6684 
3875 
6O52 
4110 
4066 
5270 
5967 
2738 
3126 
8129 
6150 
4419 
7666 
2493 
177 
4462 
8024 
5713 
122 
5032 
3653 
3721 
6913 
5381 
9746 
7351 
1828 
138 
4629 
2844 
5487 
5854 
1660 
9652 
2241 
1568 
5453 
8755 
3428 
8841 
8697 
5015 
1096 
817 
6826 
5235 
63O7 
8O93 
7733 
694 
8745 
5367 
4432 
6O94 
9926 
4701 
Random number  generator 
Table 6. 1000 sample CSD random numbers (continued). 
15 
914 9511 3614 5136 9302 1975 9460 4498 1332 2661 
1005 8734 5157 6942 6482 5347 6986 2220 89 8380 
4474 3394 6230 2830 6633 2562 5322 3500 7340 2885 
4925 3251 3655 7852 4214 6298 206 3199 9090 3751 
963 9637 4715 4951 1078 8435 3298 3951 3684 6222 
8039 4590 8225 7859 2962 2632 9733 5209 7481 6574 
8890 9962 1954 9575 6146 5932 7118 6866 4858 263 
9659 8358 7583 4126 4864 6288 3902 4273 2528 4696 
6059 1246 5961 933 7061 2787 4724 672 2653 1805 
3244 9578 3958 1325 6130 3731 9823 8982 1961 1068 
4635 8778 7541 2703 8985 4910 9934 8646 7763 4191 
2703 6313 9697 1491 1037 4739 8365 3266 9342 2621 
3658 266 2281 3635 2304 7983 8955 564 630 9975 
2395 5090 5528 5753 8906 1528 3913 4155 568 4695 
5020 4434 7986 230 5572 6429 3850 4496 7716 4897 
305 4991 4398 6428 7588 9179 1264 6299 4522 7131 
4326 1568 2026 5920 1148 5786 2235 549 4511 8153 
5233 7040 4412 6439 7406 6093 6328 5758 1365 5027 
2119 8394 9551 4336 447 2156 5925 6123 2596 1576 
3179 8343 4111 9875 6139 3885 4907 9211 2786 2271 
8173 722 7134 2427 9298 8416 7720 3792 800 1124 
9595 5093 6342 7158 6802 8011 2717 8518 4618 6860 
8250 2897 302 810 8278 9114 1784 3303 7094 5125 
1637 4771 9811 1087 5822 6491 1085 6145 4901 6590 
6668 230 7396 4858 2069 3809 6724 4014 9588 6804 
5106 1521 1030 4473 8981 3608 5738 7578 6860 9924 
2464 5142 4253 3426 9327 4715 1679 3891 4308 2060 
4488 2023 3432 844 2401 2719 1215 7863 8980 8221 
5405 4974 8845 1693 4138 1352 2640 3747 1438 4664 
2450 51 6558 7550 3771 3680 7323 8982 4270 8213 
6310 4475 4917 8557 2172 3593 5292 6447 4749 5687 
394 1713 782 8011 980 2801 4342 854 3329 6771 
4326 470 1179 1227 7665 4987 5849 9056 2235 546 
9395 4919 4513 5203 8980 7385 9441 1038 8464 4016 
2237 4725 1691 6518 2030 4458 6865 5044 2403 4154 
8897 306 6026 477 8501 4384 2498 204 5152 5389 
6798 6842 1938 1306 414 2449 4529 7471 4322 4246 
8616 5905 5020 3748 9187 8557 9201 915 6157 9271 
7293 5279 7404 2411 5432 9795 6100 1185 7866 436 
7780 6633 1824 1798 7587 9272 2623 1852 5313 7096 
9310 1170 6690 2806 3117 6948 256 6078 7535 9415 
2328 2011 4385 8745 7838 1344 5183 8975 9473 726 
5958 4614 6263 2508 1380 3772 5399 8348 4650 7337 
2187 8517 5830 8205 5053 3403 6374 8840 4458 8493 
7099 2934 641 957 3073 724 9501 8142 9718 4658 
263 2582 7196 401 7202 2622 876 8685 598 1318 
6830 4415 586 2276 423 4159 5627 4702 1970 1119 
7477 3003 5252 8034 7956 9353 4139 4571 6548 1321 
6534 3362 9723 1846 2221 2767 9226 9351 4338 9106 
5953 7084 8829 6712 7192 8016 9300 4466 9339 6390 
6631 1075 9469 9080 3711 4388 7563 3439 7491 3625 
Z§:I-8 
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5. COMPUTER PROGRAM 
Table 4 presents a computer program of the CSD random number generator. The program 
was coded in Z-BASIC-5.0, and was executed on a Macintosh II. The program takes about 50 
seconds to produce 10,000 random numbers together with statistics to verify the randomness 
of the generated values as shown in Table 5. Note that the results in Table 5 pass Chi-Square 
tests for both individual digits and the random values. Table 6 shows a sample of 1,000 random 
numbers generated by the CSD generator. 
6. RESULTS 
Various statistical tests of pseudo-random numbers such as the Poker Test, the Gap Test, 
the Run Test, the Chi-Square Test and Autocorrelation Test have been performed to check the 
uniformity and independence of the numbers produced by the (CSD) generator. Fifty replications 
for sequences of 50, 500, 5000, 50,000 and 500,000 random numbers were tested and they passed 
all tests. Also, the statistical properties of the (CSD) generator out-performed that of the first 
random number generator, i.e., the multiplicative linear congruential generator. 
7. CONCLUSIONS 
A new composite random number generator is developed. The composite generator utilizes a 
unique property in number theory discovered by the authors, and the multiplicative linear con- 
gruential generator. The developed generator is computationally efficient and has good statistical 
properties. 
REFERENCES 
1. D.E. Knuth, The Art of Computer Programming, Vol. ~, Seminumerical A gorithms, Addision Wesley, 
Reading, MA., (1981). 
2. S.K. Park and K.W. Miller, Random number generators: Good ones are hard to find, Commun. A CM. 31 
(10), 1193-1201 (1988). 
3. Y.S. Sherif, Systems Modeling and Computer Simulation, (Edited by N. Kheir), Marcel Dekker Inc., New 
York,NY, (1988). 
4. A.M. Law and W.D. Kelton, Simulation Modeling and Analysis, (Second Edition), McGraw-Hill Co., New 
York, NY, (1990). 
5. L. Schrage, A more portable FORTRAN random number generator, ACM Trans. Math. Software 5 (2), 
132-138 (1979). 
6. B. Bratley, B.L. Fox and L.E. Schrage, A Guide to Simulation, Springer-Verlag, New York, NY, (1983). 
7. P. L'ecuyer, Efficient and portable combined random number generators, Commun. ACM 31 (6), 742-749, 
774 (1988). 
